(19) 



(12) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(43) D^.lc ol publication: 

10.10.2001 Bulletin 2001/41 

(21) Application number 01108319.3 

(22) Dr-.ic ol tiling: 02.04.2001 



EP 1 143 513 A1 

EUROPEAN PATENT APPLICATION 

(51) mtci 7: H01 L 23/485 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE TR 
Designated Extension States: 
AL LT LV MK RO SI 

(30) Pi -only 03.04.2000 JP 2000100732 

(71) Applicant NEC CORPORATION 
Tokyo (JP) 



(72) Inventor. Nonaka, Makoto 
Minato-ku ? Tokyo (JP) 

(74) Representative: Glawe, Delfs ; Moll & Partner 
Patentanwalte 
Postfach 26 01 62 
80058 Miinchen (DE) 



,54) Semiconductor device and method of fabricating the same 



(57) A semiconductor device having a plurality of 
wir.ng layn.R in a multi-layered structure, includes an in- 
ner area (H ) at a surface and a pad area ( 1 3) surround- 
ing the inner area (11) therein, and further includes a 



device fabricated below the- pad area (13). The device 
is comprised of at least one of a bypass capacitor (19), 
a protection device (31). and an input/output device 
(12) For instance, the bypass capacitor (19) is com- 
prised of metal wire layers arranged below the pad area. 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001] The invention relates to a semiconductor de- 
vice and a method of fabricating the same, and more 
particularly to a semiconductor device having a plurality 
of wiring layers in a multi-layered structure by which a 
bypass capacitor is defined, and a method of fabricating 
the same. 

DESCRIPTION OF THE PRIOR ART 

[0002] There has been known a large scaled integrat- 
ed circuit (LSI) chip as a semiconductor device including 
a plurality of wiring layers in a multi-layered structure, 
and including an inner area centrally at a surface and a 
pad area around the inner area. 

[0003] Figs. 1A and 1B illustrate a conventional LSI 
chip. Fig. 1 A is a top plan view of the same, and Fig. 1 B 
is an enlarged view of an area M in Fig. 1 A. 
[0004] As illustrated in Fig. 1A, LSI chip 1 is comprised 
of an inner area 2 located centrally at a surface of LSI 
chip 1 , an input/output area 3 located around the inner 
area 2, and a pad area 4 located around the input/output 
area 3. 

[0005] In the input/output area 3, a plurality of input/ 
output terminal 5 is arranged surrounding the inner area 
2. In the pad area 4. a plurality of pads 6 is arranged 
surrounding the input/output area 3. 
[0006] In the input/output area 3, there are formed a 
first wire 7 in the form of a square, surrounding the inner 
area 2, and a second wire 8 in the form of a square, 
surrounding the first wire 7. The first wire 7 is electrically 
connected to a voltage source (not illustrated), and the 
second wire 8 is grounded. 

[0007] Any wiring layers are not formed below the 
pads 6 in the pad area 4. This is because if wiring layers 
are formed below the pads 6, a force may be exerted 
on the pads 6 in a step of wire-bonding : resulting in that 
the pads 6 may be damaged. 

[0008] As illustrated in Fig. 1 B, the pads 6 are electri- 
cally connected to the input/output terminal 5, the first 
wire 7 or the second wire 8 through a via contact 9. Here- 
inbelow, a pad 6 electrically connecled to the input/out- 
put terminal 5 is called a signal pad 6a, a pad 6 electri- 
cally connected to the first wire 7 is called a VDD pad 
6b, and a pad 6 electrically connected to the second wire 
8 is called a GND pad 6c. 

[0009] Each of the first and second wires 7 and 8 is 
comprised of a plurality of metal wire layers in a multi- 
layered structure in the input/output area 3. In order to 
ensure to apply a source voltage to a transistor fabricat- 
ed in the input/output area 3, the first wire 7 is formed 
just above a p-channel region in an input/output buffer, 
and the second wire 8 is formed separately from the first 



wire 7 jusl above a n-channel region in an input/output 
buffer. 

[0010] However the first and second wires 7 and 8 
are not designed to have a structure suitable for defining 

5 a bypass capacitor therein for suppressing noises in a 
power source line to thereby stabilize a voltage. Accord- 
ingly, in order to ensure a resistance to such noises and 
an operation at a high rate., it would be necessary to form 
quite a lot of the VDD pads 6b and the GND pads 6c. 

w [0011] This is because, with a size of a chip being 
smaller and smaller and an operation speed being high- 
er and higher, it becomes more and more difficult for a 
conventional power source to guarantee a resistance to 
noises and a radio-frequency characteristic to be in an 

is allowable range. Since it becomes difficult to reduce an 
impedance in a conventional power source in a chip fab- 
ricated smaller and smaller, it would be unavoidable to 
increase the VDD pads 6b and the GND pads 6c in order 
Lo ensure a high speed operation of a chip. 

20 [0012] A bypass capacitor is often formed around a 
chip on a substrate. However, such a bypass capacitor 
formed on a substrate would be a bar to an increase in 
a density at which components are mounted on a sub- 
strate. 

25 [0013] Japanese Unexamined Patent Publication No. 
5-55380 has suggested a semiconductor integrated cir- 
cuit device including a plurality of wiring layers, charac- 
terized in that a first wiring layer electrically connected 
to a voltage source is formed all over at least one of the 

30 wiring layers, and that a second wiring layer grounded 
is formed all over at least one of said wiring layers except 
the first wiring layer. 

[001 4] Japanese Unexamined Patent Publication No. 
9-307067 has suggested a semi-custom semiconductor 

35 integrated circuit device including a capacitor formed in 
a non-used bonding pad area. The capacitor has at least 
three wiring layers and insulating layers sandwiched be- 
tween wiring layers. A first voltage is applied to a lower 
wiring layer, a second voltage is applied to an interme- 

40 diate wiring layer, and the first voltage or a third voltage 
is applied to an upper wiring layer. 
[0015] However, the above-mentioned problems re- 
main unsolved even in those Publications. 

45 SUMMARY OF THE INVENTION 

[0016] In view of the above-mentioned problems in 
the conventional semiconductor devices, it is an object 
of the present invention to provide a semiconductor de- 

50 vice which is capable of defining a bypass capacitor 
without occupying a space to thereby enhance a resist- 
ance to noises and a radio-frequency characteristic in a 
power source line without increasing pads in number. 
[0017] In one aspect of the present invention, there is 

55 provided a semiconductor device having a plurality of 
wiring layers in a multi-layered structure, the semicon- 
ductor device including an inner area at a surface and 
a pad area surrounding the inner area therein, charac- 




termed in that the semiconductor device includes a de- 
vice fabricated below the pad area. 
[0018] In another aspect of the present invention, 
there is provided a method of fabricating a semiconduc- 
tor device having a plurality of wiring layers in a multi- 
layered structure, and having an inner area at a surface 
and a pad area surrounding the inner area therein, the 
method including the steps of (a) forming the inner area, 
and (b) fabricating a device below the pad area, the 
steps (a) and (b) being to be concurrently carried out. 
[0019] The advantages obtained by the aforemen- 
tioned present invention will be described hereinbelow. 
[0020] In the semiconductor device in accordance 
with the present invention, a device is fabricated below 
the pad area. Accordingly, a device such as a bypass 
capacitor can be fabricated without occupying a space. 
The thus fabricated bypass capacitor would enhance a 
resistance to noises and a radio-frequency characteris- 
tic in a power source line without increasing pads in 
number. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] 

Fig. 1 A is a top plan view of a conventional LSI chip. 
Fig. 1 B is an enlarged view of the area M in Fig. 1 A. 
Fig. 2A is a top plan view of a semiconductor device 
in accordance with the first embodiment of the 
present invention. 

Fig. 2B is an enlarged view of the area A in Fig. 2A. 
Fig. 3A is a cross-sectional view taken along the line 
B-B in Fig. 2B. 

Fig. 3B is a cross-sectional view taken along the line 
C-C in Fig. 2B. 

Fig. 4 is a partial cross-sectional view of a semicon- 
ductor device. 

Fig. 5 is a partial cross-sectional view of a semicon- 
ductor device. 

Fig. 6 is a partial top plan view of a semiconductor 
device in accordance with the second embodiment 
of the present invention. 

Fig. 7A is a cross-sectional view taken along the line 
D-D in Fig. 6. 

Fig. 7B is a cross-sectional view taken along the line 
E-E in Fig. 6. 

Fig. 7C is a cross-sectional view taken along the 
line F-F in Fig. 6. 

Fig. 8A is a partial top plan view of a semiconductor 
device in accordance with the third embodiment of 
the present invention. 

Fig. 8B is a partial circuit diagram of the semicon- 
ductor device in accordance with the third embodi- 
ment of the present invention. 
Fig. 9 is a cross-sectional view taken along the line 
G-G in Fig. 8A. 

Fig. 1 0A is a plan view of the section H in Fig. 9. 
Fig. 1 0B is a plan view of the section I in Fig. 9. 



Fig. 11 is a partial top plan view of the semiconduc- 
tor device in accordance with the fourth embodi- 
ment of the present invention. 
Fig. 1 2 is a cross-sectional view taken along the line 
5 J-JinFig. 11. 

Fig. 13 is a partial top plan view of the semiconduc- 
tor device in accordance with the fifth embodiment 
of the present invention. 

Fig. 14 is a partial top plan view of the semiconduc- 
10 tor device in accordance with the sixth embodiment 
of the present invention. 

Fig. 1 5 is a cross-sectional view taken along the line. 
K-K in Fig. 14. 

Fig. 1 6 is a partial top plan view of the semiconduc- 
15 tor device in accordance with the seventh embodi- 
ment of the present invention. 
Fig. 1 7 is a cross-sectional view taken along the line 
L-L in Fig. 16. 

20 DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0022] Figs. 2A, 2B, 3A and 3B illustrate a LSI chip 1 0 
as a semiconductor device in accordance with the first 

25 embodiment of the present invention. Fig. 2A is a top 
plan view of the LSI chip 1 0, Fig. 2B is an enlarged view 
of the area A in Fig. 2A, Fig. 3A is a cross-sectional view 
taken along the line B-B in Fig. 2B, and Fig. 3B is a 
cross-sectional view taken along the line C-C in Fig. 2B 

30 [0023] The LSI chip 10 includes a plurality of wiring 
layers in a multi-layered structure. As illustrated in Fig. 
2A, the LSI chip 10 is comprised of an inner area 11 
located centrally at a surface of the LSI chip 1 0, an input/ 
output area 12 located around the inner area 11 , and a 

35 pad area 13 located around the input/output area 12. 
[0024] In the input/output area 12, a plurality of input/ 
output terminal 1 4 are arranged in a square pattern, sur- 
rounding the inner area 11. In the pad area 13, a plurality 
of pads 1 5 are arranged in a square pattern, surrounding 

■to the input/output area 12. 

[0025] In the input/output area 12, there are formed a 
first wire 16a in a square pattern, surrounding the inner 
area 1 1 , and a second wire 1 7a in a square pattern, sur- 
rounding the first wire 16a. The first wire 16a is electri- 
cs cally connected to a voltage source (not illustrated), and 
the second wire 17a is grounded. Hence, the first wire 
16a is called the VDD wire 16a, and the second wire 
17a is called GND wire 17a hereinafter. 
[0026] In the pad area 1 3, there are formed a first wire 

50 16b in a square pattern, surrounding the inner area 11 , 
and a second wire 17b in a square pattern, surrounding 
the first wire 16b. The first wire 16b is electrically con- 
nected to a voltage source (not illustrated), and the sec- 
ond wire 17b is grounded. Hence, the first wire 16b is 

55 called the VDD wire 16b, and the second wire 17b is 
called GND wire 17b hereinafter. 

[0027] As illustrated in Fig. 2B, the pads 15 are elec- 
trically connected to the input/output terminal 14, the 
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VOn wire 1 6b or the GND wire 1 7b through a via contact 
18 Hereinbelow, a pad 15 electrically connected to the 
input/output terminal 1 4 is called a signal pad 1 15a, a .pad 
15 electrically connected to the VDD w,re 16b .s caHed 
a VDD pad 15b. and a pad 1 5 electrically connected to 
the second wire 17b is called a GND pad 15c 
,0028] As illustrated in Figs. 3A and 3B, the VDD wire 
,6b ,n the pad area 13 is comprised of a plurality of first 
m=u w,ring layers 16 in a multi-layered structure. /The 
„,m metal wiring layers 16 are electncally connected to 
or o -no:her through via contacts 1 8 formed through test 
in ,CMUyer .nsulating films 16c sandwiched between the 
hiitnctal wiring layers 16. 

[00291 Similarly, the GND wire 1 7b in the pad area 1 3 
« compnscd ol a plurality of second metal wiring layers 
U ,n a mult-layered structure. The second metal wiring 
n^Tcrs 17 are electrically connected to one another 
.trough via contacts 18 formed through the first inter- 
ior insulating films 16c. 

[00301 Each of the first metal wiring layers 16 and 
each ol the second metal wiring layers 1 7 are formed ,n 
,he same layer, and separated away from each other. 
[00311 Vertically overlapping first and second metal 
Wring layers 1 6 and 17 with one of the first interlayer 
insulating films 1 6c being sandwiched therebetween de- 
fine a bypass capacitor. 

[0032] Though not illustrated, the VDD wire 1 6a in he 
Input/output area 12 has the same structure as that of 
,he VDD w,re 16b in the pad area 13. Specifically, the 
VDD wire 16a is comprised of a plurality of first meta 
wiring layers 16 in a multi-layered structure. The first 
metal wiring layers 16 are electrically connected to one 
another through via contacts 1 8 formed through first in- 
terlayer insulating films 16c sandwiched between the 
first metal wiring layers 16. 

[00331 The GND wire 1 7a in the input/output area 1 2 
has the same structure as that of the VDD wire 17b in 
the pad area 13. Specifically, the GND wire 17a in the 
input/output area 1 2 is comprised of a plurality of second 
metal wiring layers 17 in a multi-layered ^cturejhe 
second metal wiring layers 1 7 are electrically connected 
to one another through via contacts 18 formed through 
the lirsl interlayer insulating films 1 6c. 
[00341 Each of the first metal wiring layers 16 and 
each of the second metal wiring layers 1 7 are formed in 
,he same layer, and separated away from each other. 
[0035] Vertically overlapping first and second metal 
wiring layers 16 and 17 with one of the first interlayer 
insulating films 1 6c being sandwiched therebetween de- 
fine a bypass capacitor. 

[0036] As illustrated in Fig. 3B. the VDD wire 1 6b in 
the pad area 1 3 is electrically connected to the VDD wire 
16a in the input/output area 12, and the GND wire 17b 
in the pad area 13 is electrically connected to the GND 
wire 1 7a in the input/output area 12. 
[0037] As mentioned above, the LSI chip 1 0 in accord- 
ance with the first embodiment is designed to include 
the VDD wire 16a and the GND wire 17a in the input/ 



output area 1 2, and the VDD wire 1 6b and the GND wire 
17b in the pad area 13, and further include not only a 
bypass capacitor defined in the input/output area 1 2 , but 
also a bypass capacitor defined by non-used metal w.r- 
5 inq layers located below the pads 15 in the pad area 13. 
[0038] Fig. 4 is a cross-sectional view illustrating a 
portion of the LSI chip 1 0 located below the pad 1 5. and 
Fig. 5 is a cross-sectional view illustrating an inner struc- 
ture of the LSI chip 10. 
w [00391 As illustrated in Fig. 5, the LSI Chip 10.ncludes 
a substrate 20, a transistor 22 formed on the substrate 
20, and a wiring section 21 formed above the trans.stor 
22 in the inner area 11. 

[00401 The transistor 22 is comprised of a p-channel 
.5 Lnsistor fabricated on a n-well 22a formed at a surface 
of the substrate 20. and a n-channel transistor fabricat- 
ed on a p-well 22b formed at a surface of the substrate 
20 

[0041] The wiring section 21 is comprised of eight 
20 metal wiring layers M0 to M7. and interlayer insulating 
layers sandwiched between the metal wiring layer* M0 

to M7. ... , , 

[0042] When the LSI chip 10 is fabricated, as illustrat- 
ed in Fig 4 the seven metal wiring layers M0 to M6 are 
2S formed on the substrate 20 below the pad 1 5 in order to 
define a bypass capacitor 19 in the pad area 13. 
[0043] Namely, the seven metal wiring layers MO to 
M6 and the pad 15 as an eighth metal wiring layer M7, 
totally eight metal wiring layers MO to M7, are formed in 
30 the pad area 13. 

[00441 As mentioned earlier, the wiring section 21 is 
comprised of eighth metal wiring layers M0 to M7 Thus 
the number of the metal wiring layers formed in the pad 
area 1 3 is equal to the number of the metal wiring layers 
35 defining the wiring section 21 to be formed in the inner 

[0045 1 ] 1 Thus, when the LSI chip 10 is fabricated, the 
metal wiring layers M0 to M7 in the inner area 11 (see 
Fiq 5) and the metal wiring layers M0 to M7 in the pad 
40 area (see Fig. 4) can be concurrently formed, resulting 
in that it is no longer necessary to form the metal wiring 
layers MO to M7 in the pad area 13 separately from the 
metal wiring layers M0 to M7 to be formed in the inner 
area 11 Hence, since the number of fabrication steps 
45 is not increased in order to define the bypass capacitor 
in the pad area 13, even if the bypass capacitor 19 is 
formed in the pad area 13, the number of steps for fab- 
ricating the LSI chip 1 0 remains the same as the number 
of steps for fabricating the LSI chip 10 without the by- 
so pass capacitor 19. . 

[0046] As explained so far, in accordance with the first 
embodiment, the bypass capacitor 1 9 is fabricated in the 
pad area 13 which was a dead space, ensuring en- 
hancement in a resistance to noises and also in a rad.o- 
55 frequency characteristic in a power source line without 
newly preparing a space for forming a bypass capacitor 

therein. ,. h!iu 
[0047] In addition, since the bypass capacitor 19 hav- 
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ing the above-mentioned structure further has a function 
of a power source line, the LSI chip 10 could have an 
enhanced resistance to electromigration and IR drop. 
[0048] As a result, the LSI chip 1 0 in accordance with 
the first embodiment makes it no longer necessary to 
increase power source pads and ground pads in number 
unlike the conventional LSI chip, ensuring reduction in 
the number of pads to be added. 
[0049] A bypass capacitor is generally mounted on a 
substrate around a chip. However, by forming at least a 
part of a bypass capacitor in a chip, the LSI chip 10 in 
accordance with the first embodiment makes it possible 
to increase a density at which components are mounted 
on a substrate. This is because a bypass capacitor is 
constituted of a power source line in a dead space in the 
pad area 13 in accordance with the first embodiment. 
[0050] Fig. 6 is a partial top plan view of a LSI chip 25 
in accordance with the second embodiment of the 
present invention. Fig. 7A is across-sectional view tak- 
en along the line D-D in Fig. 6, Fig. 7B is a cross-sec- 
tional view taken along the line E-E in Fig. 6., and Fig. 
7C is a cross-sectional view taken along the line F-F in 
Fig. 6. 

[0051 ] The LSI chip 25 in accordance with the second 
embodiment has the same structure as the structure of 
the LSI chip 10 except that the LSI chip 25 is designed 
to include a VDD wire 26a and a GND wire 27a in place 
of the VDD wire 1 6a and the GND wire 1 7a, and further 
include a VDD wire 26b and a GND wire 27b in place of 
the VDD wire 16b and the GND wire 17b. 
[0052] As illustrated in Fig. 6, the VDD wire 26b is 
comprised of a first comb-shaped wire being electrically 
connected to a voltage source, and the GND wire 27b 
is comprised of a second comb-shaped wire being 
grounded. The VDD wires 26a and the GND 27b are 
arranged such that teeth of the first comb-shaped wire 
are located between teeth of the second comb-shaped 
wire in the same plane. 

[0053] The VDD wire 26a has the same structure as 
that of the VDD wire 26b, and the GND wire 27a has the 
same structure as that of the VDD wire 27b. A positional 
relationship between the VDD wire 26a and the GND 
wire 27a is identical to the positional relationship be- 
tween the VDD wire 26b and the^BND wire 27b. 
[0054] As illustrated in Fig. 7p t the VDD wire 26b 
formed in the pad area 13 is electrically connected to 
the VDD wire 26a formed in the input/output area 12 
through a first electrical connector 28. Similarly, as illus- 
trated in Fig. the GND wire 27b formed in the pad 
area 13 is electrically connected to the GND wire 27a 
formed in the input/output area 12 through a second 
electrical connector 29. 

[0055] As mentioned above : the LSI chip 25 in accord- 
ance with the second embodiment is designed to in- 
clude the VDD wire 26a and the GND wire 27a in the 
input/output area 12, and the VDD wire 26b and the 
GND wire 27b in the pad area 13, and further include 
not only a bypass capacitor defined in the input/output 



area 12, but also a bypass capacitor defined by non- 
used metal wiring layers located below the pads 15 in 
the pad area 13. 

[0056] In accordance with the second embodiment, 

5 the bypass capacitor could have an increased capacity, 
because an additional capacity is defined between the 
teeth of the VDD wire 26a and teeth of the GND wire 
27a, and further between the teeth of the VDD wire 26b 
and teeth of the GND wire 27b. 

w [0057] Figs. 8A, 8B, 9, 10A and 10B illustrate a LSI 
chip 30 in accordance with the third embodiment. Fig. 
8A is a top plan view of the LSI chip 30, Fig. 8B is a 
partial circuit diagram of the LSI chip 30, Fig. 9 is a 
cross-sectional view taken along the line G-G in Fig. 8A, 

15 Fig. 1 0A is a plan view of the section H in Fig. 9, and 
Fig. 1 0B is a plan view of the section I in Fig. 9. 
[0058] As illustrated in Fig. 8A, the LSI chip 30 in ac- 
cordance with the third embodiment is designed to in- 
clude not only a bypass capacitor 19 (see Fig. 9), but 

20 also a protection device 31 such as a diode (see Fig. 
8B) below the signal pad 15a in the pad area 13. The 
LSI chip 30 has the same structure as the structure of 
the LSI chip 1 0 except additionally having the protection 
device 31 . 

25 [0059] The bypass capacitor 19 in the third embodi- 
ment has the same structure as the structure of the by- 
pass capacitor 19 in the first embodiment, illustrated in 
Fig. 3A or 3B. 

[0060] As illustrated in Fig. 9 ; below the bypass ca- 
30 pacitor 1 9 is fabricated the protection device 31 . 

[0061 ] The protection device 1 3 is comprised of a sub- 
strate 20 formed at a surface with a n-type well 32a and 
a p-type well 32b, a first interlayer insulating film 20a 
formed on the substrate 20, a first layer 20b formed on 
35 the first interlayer insulating film 20a , a second interlayer 
insulating film 20c formed on the first layer 20b, and a 
second signal wiring layer 33 formed on the second in- 
terlayer insulating film 20c. 

[0062] The n-type well 32a is formed at a surface 
40 thereof with a heavily doped p-type region 32ab and 
heavily doped n-type regions 32aa : and the p-type well 
32b is formed at a surface thereof with heavily doped p- 
type regions 32ba and a heavily doped n-type region 
32bb. 

45 [0063] The first layer 20b includes the first metal wir- 
ing layers 16, the second metal wiring layers 17, and 
first signal wiring layers 33a. The first metal wiring layers 
1 6 are electrically connected to the heavily doped n-type 
regions 32aa formed in the n-type well 32a through via 

50 contacts 1 8. The second metal wiring layers 1 7 are elec- 
trically connected to the heavily doped p-type regions 
32ba formed in the p-type well 32b through via contacts 
18. One of the first signal wiring layers 33 is electrically 
connected to the heavily doped p-type region 32ab 

55 formed in the p-type well 32a through a via contact 18, 
and the other is electrically connected to the heavily 
doped n-type region 32bb formed in the n-type well 32b 
through a via contact 18. 
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[0064] The second signal wiring layer 33 is electrically 
connected to the first signal wiring layers 33a through 
via contacts 1 8 formed through the second interlayer in- 
sulating film 20c. 

[0065] As illustrated in Fig. 1 0A, the heavily doped n- 
type regions 32aa in the n-type well 32a are electrically 
connected to a source voltage (VDD) through the first 
metal wiring layer 16, the heavily doped p-type region 
32ab in the n-type well 32a is electrically connected to 
the signal pad 15a through the first and second signal 
wiring layers 33, the heavily doped n-type region 32bb 
in the p-type well 32b is electrically connected to the sig- 
nal pad 15a through the first and second signal wiring 
layers 33, and the heavily doped p-type regions 32ba in 
the p-type well 32b are electrically connected to a 
source voltage (VDD) through the second metal wiring 
layer 17. 

[0066] As mentioned above, not only the bypass ca- 
pacitor 19 but also the protection device 31 can be fab- 
ricated below the pad 15 in the pad area 13. 
[0067] Figs. 11 and 12 illustrate a LSI chip 35 in ac- 
cordance with the fourth embodiment. Fig. 1 1 is a partial 
top plan view of the LSI chip 35, and Fig. 1 2 is a cross- 
sectional view taken along the line J- J in Fig. 11 
[0068] As illustrated in Fig. 11 , the LSI chip 35 in ac- 
cordance with the fourth embodiment is designed to in- 
clude not only a bypass capacitor 19 (see Fig. 12), but 
also an extended portion of the input/output area 1 2 (see 
Figs. 11 and 12) below the signal pad 15a in the pad 
area 13. The LSI chip 35 has the same structure as the 
structure of the LSI chip 10 except additionally having 
the extended portion of the input/output area 12. 
[0069] The bypass capacitor 19 in the fourth embod- 
iment has the same structure as the structure of the by- 
pass capacitor 19 in the first embodiment, illustrated in 
Fig. 3A or 3B. 

[0070] As illustrated in Fig. 12, below the bypass ca- 
pacitor 1 9 is fabricated the extended portion of the input/ 
output area 12. 

[0071] The extended portion of the input/output area 
1 2 is comprised of a substrate 20 formed at a surface 
with a n-type well 22a and a p-type well 22b, a first in- 
terlayer insulating film 20a formed on the substrate 20, 
a first layer 20b formed on the first interlayer insulating 
film 20a. a second interlayer insulating film 20c formed 
on the first layer 20b, and a second signal wiring layer 
33 formed on the second interlayer insulating film 20c. 
[0072] The n-type well 22a is formed at a surface 
thereof with a heavily doped p-type region 22aa, and the 
p-type well 22b is formed at a surlace thereof with heav- 
ily doped n-type regions 22ba. 

[0073] The first layer 20b includes the first metal wir- 
ing layer 1 6, the second metal wiring layer 1 7, and a first 
signal wiring layer 33a. The first metal wiring layer 16 is 
electrically connected to the heavily doped p-type region 
22aa formed in the n-type well 22a through a via contact 
1 8. The second metal wiring layer 1 7 is electrically con- 
nected to the heavily doped n-type region 22ba formed 



in the p-type well 22b through a via contact 18. The first 
signal wiring layer 33a is electrically connected to both 
the heavily doped p-type region 22aa formed in the n- 
type well 22a and the heavily doped n-type region 22ba 
5 formed in the p-type well 22b through via contacts 18. 
[0074] The second signal wiring layer 33 is electrically 
connected to the first signal wiring layer 33a through via 
contacts 18 formed through the second interlayer insu- 
lating film 20c. 

10 [0075] The heavily doped p-type regions 22aa in the 
n-type well 22a are electrically connected to a source 
voltage (VDD) through the first metal wiring layer 16, 
and further to the signal pad 15a through the first and 
second signal wiring layers 33 and 33a. The heavily 

15 doped n-type regions 22ba in the p-type well 22b are 
electrically connected to the signal pad 1 5a through the 
first and second signal wiring layers 33 and 33a, and 
further to a source voltage (VDD) through the second 
metal wiring layer 17. 

20 [0076] As mentioned above, not only the bypass ca- 
pacitor 1 9 but also the input/output area 1 2 can be fab- 
ricated below the pad 15 in the pad area 13. That is, the 
input/output area 12 can be extended such that an ex- 
tended portion of the input/output area 1 2 is located be- 

25 low the signal pad 15a. 

[0077] Fig. 13 illustrates a LSI chip 40 in accordance 
with the fifth embodiment. 

[0078] As illustrated in Fig. 13, the LSI chip 40 in ac- 
cordance with the fifth embodiment is designed to in- 

30 elude not only a bypass capacitor 19, but also both a 
protection device 31 such as a diode and an extended 
portion of the input/output area 12 below the signal pad 
15a in the pad area 13. The LSI chip 40 has the same 
structure as the structure of the LSI chip 10 except ad- 

35 ditionally having both the protection device 31 and the 
extended portion of the input/output area 12. 
[0079] The bypass capacitor 19 in the fifth embodi- 
ment has the same structure as the structure of the by- 
pass capacitor 19 in the first embodiment, illustrated in 

40 Fig. 3A or 3B. 

[0080] The protection device 31 in the fifth embodi- 
ment has the same structure as the structure of the pro- 
tection device 31 in the third embodiment, illustrated in 
Figs. 8A, 8B, 9, 10A and 10B. 

45 [0081] The extended portion of the input/output area 
1 2 in the fifth embodiment has the same structure as the 
structure of the extended portion of the inpul/oulpul area 
12 in the fourth embodiment, illustrated in Figs. 11 and 
12. 

so [0082] Fig. 14 illustrates a LSI chip 45 in accordance 
with the sixth embodiment. Fig. 15 is a cross-sectional 
view taken along the line K-K in Fig. 14. 
[0083] As illustrated in Figs. 14 and 15, the LSI chip 
45 in accordance with the sixth embodiment is designed 

55 not to include a bypass capacitor 19, but designed to 
include only a protection device 31 such as a diode be- 
low the signal pad 1 5a in the pad area 1 3. The LSI chip 
45 has the same structure as the structure of the LSI 
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chip 10 except having the protection device 31 in place 
of the bypass capacitor 19. 

[0084] As illustrated in Fig. 15 ; below the signal pad 
15a is formed a plurality of signal wiring layers 33b in a 
multi-layered structure. Interlayer insulating layers are 
sandwiched between the signal wiring layers 33b. The 
signal wiring layers 33b are electrically connected to one 
another through via contacts 18 formed through the in- 
terlayer insulating layers. 

[0085] The protection device 31 in the sixth embodi- 
ment has the same structure as the structure of the pro- 
tection device 31 in the third embodiment, illustrated in 
Figs. 8A, 8B, 9, 1 0A and 1 0B, except that the signal pad 
15a is formed with via contacts 18 through which the 
signal pad 1 5a is electrically connected to the signal wir- 
ing layer 33b. 

[0086] Fig. 16 illustrates a LSI chip 50 in accordance 
with the seventh embodiment. Fig. 17 is a cross-sec- 
lional view taken along the line L-L in Fig. 16. 
[0087] As illustrated in Figs. 16 and 17, the LSI chip 
50 in accordance with the seventh embodiment is de- 
signed not to include a bypass capacitor 19, but de- 
signed to include only an extended portion of the input/ 
output area 12 below the signal pad 15a in the pad area 
1 3. The LSI chip 50 has the same structure as the struc- 
ture of the LSI chip 10 except having the extended por- 
tion of the input/output area 12 in place of the bypass 
capacitor 19. 

[0088] As illustrated in Fig. 17, below the signal pad 
15a is formed a plurality of signal wiring layers 33c in a 
multi-layered structure. Interlayer insulating layers are 
sandwiched between the signal wiring layers 33c. The 
signal wiring layers 33c are electrically connected to one 
another through via contacts 18 formed through the in- 
terlayer insulating layers. 

[0089] The extended portion of the input/output area 
12 in the seventh embodiment has the same structure 
as the structure of the extended portion of the input/out- 
put area 12 in the fourth embodiment, illustrated in Figs. 
1 1 and 1 2, except that the signal pad 1 5a is formed with 
via contacts 1 8 through which the signal pad 1 5a is elec- 
trically connected to the signal wiring layer 33c. 
[0090] As mentioned earlier, in accordance with the 
above-mentioned first to seventh embodiments, various 
devices such as the bypass capacitor 19, the protection 
device 31 and/or an input/output device defining the in- 
put/oulput area 12 can be fabricated in a dead space 
located below the pad area 13, for instance, a space 
located below the signal pad 15a. Thus, it is now possi- 
ble to efficiently use a space located below the pad 15, 
which space was not conventionally used because a de- 
vice fabricated in such a space might be damaged in 
fabrication steps. 

[0091] In addition, those devices can be fabricated 
without an increase in the number of steps for fabricating 
the LSI chip in accordance with the above-mentioned 
embodiments. For instance, the LSI chip may be fabri- 
cated by a packaging process in which components are 



assembled by compressive fitting, or a flip-chip process. 
[0092] In the above-mentioned first to seventh em- 
bodiments, the pads 15 are electrically connected any 
one of the input/output terminal 14, the VDD wire 16b 
5 or the GND wire 1 7b . However, the pads 1 5 may include 
pads which are electrically connected to none of the in- 
put/output terminal 14, the VDD wire 16b and the GND 
wire 17b. 

[0093] Though the same bypass capacitor is formed 
10 in the above-mentioned first to seventh embodiments, 
various bypass capacitors may be formed in depend- 
ence on a specific power source, or a bypass capacitor 
may be formed only for an input/output power source 
emitting high noises through a power source line. 
15 [0094] The bypass capacitor may be designed to 
have a closed looped layout or a layout partially cut out. 



Claims 

20 

1 . A semiconductor device having a plurality of wiring 
layers in a multi-layered structure, 

the semiconductor device including an inner 
area (1 1 ) at a surface and a pad area (13) surround- 
25 ing the inner area (1 1 ) therein, 

characterized in that the semiconductor de- 
vice includes a device fabricated below the pad ar- 
ea (13). 

30 2. The semiconductor device as set forth in claim 1 , 
wherein the device is comprised of at least one of 
a bypass capacitor (19), a protection device (31), 
and an input/output device (12). 

35 3. The semiconductor device as set forth in claim 1 , 
further comprising a second device fabricated be- 
low the device, 

the device being comprised of a bypass capac- 
40 itor (19), 

the second device being comprised of at least 
one of a protection device (31) and an input/ 
output device (12). 

45 4. The semiconductor device as set forth in claim 2, 
wherein the bypass capacitor (1 9) is comprised of 
metal wire layers (16 : 17) arranged below the pad 
area (13). 

50 5. The semiconductor device as set forth in claim 4, 
wherein each of the metal wire layers (16, 17) is 
comprised of a first wire (1 6) and a second wire (1 7) 
with an interlayer insulating layer being sandwiched 
therebetween, 

55 

the first wire (16) being electrically connected 

to a voltage source, 

the second wire (17) being grounded. 
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The semiconductor device as set forth in claim 4, 
wherein each of the metal wire layers is comprised 
of a first comb-shaped wire (26) being electrically 
connected to a voltage source and a second comb- 
shaped wire (27) being grounded, 5 

the first and second wires (26, 27) being ar- 
ranged such that teeth of the first comb-shaped wire 
(26) are located between teeth of the second comb- 
shaped wire (27) in the same plane. 

10 

The semiconductor device as set forth in claim 5, 
further comprising at least one of first to fourth pads 
in the pad area (13), 

the first pad (15a) being electrically connected '5 
to the input/output device (12), 
the second pad (15b) being electrically con- 
nected to the first wire (16), 
the third pad being (15c) electrically connected 
to the second wire (17), 20 
the fourth pad being not electrically connected 
to the input/output device (1 2), the first wire (1 6) 
and the second wire (1 7). 

The semiconductor device as set forth in any one 25 
of claims 1 to 7, wherein the semiconductor device 
further includes an input/output area (12) between 
the inner area (11) and the pad area (13), 

the semiconductor device including a plurality 30 
of input/output terminals (1 4) in the input/output 
area (1 2), and a plurality of pads (1 5) in the pad 
area (13), 

the semiconductor device including (a) a first 
source voltage wire (16) being electrically con- 35 
nected to a voltage source and surrounding the 
inner area (11) in the pad area (13), and (b) a 
first ground wire (17) being grounded and sur- 
rounding the first source voltage wire in the pad 
area (13), 40 
each of the pads (15) being electrically con- 
nected to any one of the input/output terminals 
(14), the first source voltage wire (16), and the 
first ground wire (17), 

the first source voltage wire (16) being com- 
prised of a plurality of first metal wiring layers 
in a mulli-layered structure, the first metal wir- 
ing layers being electrically connected to one 
another through via-holes (18) formed through 
first interlayer insulating films sandwiched be- so 
tween the first metal wiring layers, 
the first ground wiro (1 7) being comprised of a 
plurality of second metal wiring layers in a multi- 
layered structure, the second metal wiring lay- 
ers being electrically connected to one another 55 
through via-holes (18) formed through the first 
interlayer insulating films, 
each of the first metal wiring layers and each of 



the second metal wiring layers being formed in 
the same layer, 

vertically adjacent first and second metal wiring 
layers with one of the first interlayer insulating 
films being sandwiched therebetween, among 
the first and second metal wiring layers, defin- 
ing a bypass capacitor (1 9) as the device. 

9. The semiconductor device as set forth in claim 8, 
further comprising: 

(c) a second source voltage wire (16) being 
electrically connected to a voltage source and 
surrounding the inner area (1 1 ) in the input/out- 
put area (12), and 

(d) a second ground wire (17) being grounded 
and surrounding the second source voltage 
wire in the input/output area (12), 

the second source voltage wire (16) being 
comprised of a plurality of third metal wiring layers 
in a multi-layered structure, the third metal wiring 
layers being electrically connected to one another 
through via-holes (1 8) formed through second inter- 
layer insulating films sandwiched between the third 
metal wiring layers, 

the second ground wire (17) being comprised 
of a plurality of fourth metal wiring layers in a multi- 
layered structure, the fourth metal wiring layers be- 
ing electrically connected to one another through 
via-holes (1 8) formed through the second interlayer 
insulating films, 

each of the third metal wiring layers and each 
of the fourth metal wiring layers being formed in the 
same layer, 

vertically adjacent third and fourth metal wir- 
ing layers with one of the second interlayer insulat- 
ing films being sandwiched therebetween, among 
the third and fourth metal wiring layers, defining a 
bypass capacitor (19). 

10. The semiconductor device as set forth in claim 9, 
wherein the first source voltage wire (16) is electri- 
cally connected to the second source voltage wire 
(16), and the first ground wire (17) is electrically 
connected to the second ground wire (17). 

11. The semiconductor device as set forth in claim 9, 
wherein the first source voltage wire is comprised 
of a first comb-shaped wire (26) being electrically 
connected to a voltage source, and the first ground 
wire is comprised of a second comb-shaped wire 
(27) being grounded, 

the second source voltage wire is comprised of 
a third comb-shaped wire (26) being electrically 
connected to a voltage source, and the second 
ground wire is comprised of a fourth comb- 
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shaped wire (27) being grounded, 
the first and second wires being arranged such 
that teeth of the first comb-shaped wire (26) are 
located between teeth of the second comb- 
shaped wire (27) in the same plane, 
the third and fourth wires being arranged such 
that teeth of the third comb-shaped wire (26) 
are located between teeth of the fourth comb- 
shaped wire (27) in the same plane. 

12. The semiconductor device as set forth in claim 11, 
wherein the first source voltage wire is electrically 
connected to the second source voltage wire, and 
the first ground wire is electrically connected to the 
second ground wire. 

13. The semiconductor device as set forth in claim 8, 
further comprising a protection device (31) fabricat- 
ed below the bypass capacilor (19), 

the protection device (31 ) comprising: 

(a) a substrate (20) formed at a surface 
with a first well (32a) having a first electrical 
conductivity and a second well (32b) hav- 
ing a second electrical conductivity; 

(b) a first interlayer insulating film (20a) 
formed on the substrate (20); 

(c) a first layer (20b) formed on the first in- 
terlayer insulating film (20a); 

(d) a second interlayer insulating film (20c) 
formed on the first layer (20b); and 

(e) a signal wiring layer (33a) formed on the 
second interlayer insulating film (20c), 

the first layer (20a) including one of the first 
metal wiring layers (1 6) , one of the second met- 
al wiring layers (1 7), and a second signal wiring 
layer (33) all electrically connected to the first 
or second well (32a, 32b) through via-holes 
(18) formed through the first interlayer insulat- 
ing film (20a), 

the second signal wiring layer (33) being elec- 
trically connected to the signal wiring layer 
(33a) through via-holes (1 8) formed through the 
second interlayer insulating film (20c). 

14. The semiconductor device as set forth in claim 8, 
wherein the input/output area (12) has an extended 
portion located below the pad area (13), 

the extended portion comprising: 

(a) a substrate (20) formed at a surface 
with a first well (22a) having a first electrical 
conductivity and a second well (22b) hav- 
ing a second electrical conductivity; 

(b) a first interlayer insulating film (20a) 
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formed on the substrate (20); 

(c) a first layer (20b) formed on the first in- 
terlayer insulating film (20a); 

(d) a second interlayer insulating film (20c) 
formed on the first layer (20b); and 

(e) a signal wiring layer (33) formed on sec- 
ond interlayer insulating film (20c) ; 

the first layer (20b) including one of the first 
metal wiring layers (16) electrically connected 
to the first well (22a) through a via-hole (18) 
formed through the first interlayer insulating 
film (20a), one of the second metal wiring layers 
(17) electrically connected to the second well 
(22b) through a via-hole (18) formed through 
the first interlayer insulating film (20a), and a 
second signal wiring layer (33) electrically con- 
nected to the first or second well (22a, 22b) 
through via-holes (18) formed through the first 
interlayer insulating film (20a), 
the second signal wiring layer (33) being elec- 
trically connected to the signal wiring layer 
(33a) through via-holes (1 8) formed through the 
second interlayer insulating film (20c). 

The semiconductor device as set forth in any one 
of claims 1 to 7, wherein the semiconductor device 
further includes an input/output area (12) between 
the inner area (11) and the pad area (13), 

the semiconductor device including a plurality 
of input/output terminals (14) in the input/output 
area (1 2) , and a plurality of pads (1 5) in the pad 
area (13), 

the semiconductor device including a plurality 
of input/output terminals (1 4) in the input/output 
area (12), and a plurality of pads (15) in the pad 
area (13), 

the semiconductor device including (a) a first 
source voltage wire (16) being electrically con- 
nected to a voltage source and surrounding the 
inner area (11) in the pad area (13), and (b) a 
first ground wire (17) being grounded and sur- 
rounding the first source voltage wire in the pad 
area (13), 

each of the pads (15) being electrically con- 
nected to any one of the input/output terminals 
(14), the first source voltage wire (16), and the 
first ground wire (17), 

the semiconductor device including a protec- 
tion device (31) as the device, 
the protection device (31) comprising: 

(a) a substrate (20) formed at a surface 
with a first well (32a) having a f irst electrical 
conductivity and a second well (32b) hav- 
ing a second electrical conductivity; 

(b) a first interlayer insulating film (20a) 
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formed on the substrate (20); 

(c) a first layer (20b) formed on the first in- 
teriayer insulating film (20a); 

(d) a second interlayer insulating film (20c) 
formed on the first layer (20b); and 

(e) a signal wiring layer (33a) formed on the 
second interlayer insulating film (20c), 

the first layer (20a) including one of the first 
metal wiring layers (16), one of the second met- 
al wiring layers (17), and a second signal wiring 
layer (33) all electrically connected to the first 
or second well (32a, 32b) through via-holes 
(18) formed through the first interlayer insulat- 
ing film (20a), 

the second signal wiring layer (33) being elec- 
trically connected to the signal wiring layer 
(33a) through via-holes (18) formed through the 
second interlayer insulating film (20c). 

16. The semiconductor device as set forth in any one 
of claims 1 to 7, wherein the semiconductor device 
further includes an input/output area (12) between 
the inner area (11) and the pad area (13), 

the semiconductor device including a plurality 
of input/output terminals (1 4) in the input/output 
area (1 2), and a plurality of pads in the pad area 
(13), 

the semiconductor device including (a) a first 
source voltage wire (16) being electrically con- 
nected to a voltage source and surrounding the 
inner area (11) in the pad area (13), and (b) a 
first ground wire (17) being grounded and sur- 
rounding the first source voltage wire in the pad 
area (13), 

each of the pads being electrically connected 
to any one of the input/output terminals (14), 
the first source voltage wire (16), and the first 
ground wire (17), 

the input/output area (12) having an extended 
portion located below the pad area (13) as the 
device, 

the extended portion comprising: 

(a) a substrate (20) formed at a surface 
wilh a first well (22a) having a first electrical 
conductivity and a second well (22b) hav- 
ing a second electrical conductivity; 

(b) a first interlayer insulating film (20a) 
formed on the substrate (20); 

(c) a first layer (20b) formed on the first in- 
terlayer insulating film (20a); 

(d) a second interlayer insulating film (20c) 
formed on the first layer (20b); and 

(e) a signal wiring layer (33) formed on sec- 
ond interlayer insulating film (20c), 



the first layer (20b) including one of the first 
metal wiring layers (16) electrically connected 
to the first well (22a) through a via-hole (18) 
formed through the first interlayer insulating 

5 film (20a), one of the second metal wiring layers 

(17) electrically connected to the second well 
(22b) through a via-hole (18) formed through 
the first interlayer insulating film (20a), and a 
second signal wiring layer (33) electrically con- 

io nected to the first or second well (22a, 22b) 

through via-holes (18) formed through the first 
interlayer insulating film (20a), 
the second signal wiring layer (33) being elec- 
trically connected to the signal wiring layer 

15 (33a) through via-holes (18) formed through the 

second interlayer insulating film (20c). 



17. A method of fabricating a semiconductor device 
having a plurality of wiring layers in a multi-layered 
structure, and having an inner area (11) at a surface 
and a pad area (13) surrounding the inner area (11) 
therein, 

the method comprising the steps of: 

(a) forming the inner area (11); and 

(b) fabricating a device (19, 31, 12) below 
the pad area (13), 

the steps (a) and (b) being to be concurrently 
carried out. 



20 



25 



30 



1 8. The method as set forth in claim 1 7, wherein at least 
one of a bypass capacitor (19), a protection device 

35 (31), and an input/output device (12) is fabricated 
as the device in the step (b). 

19. The method as set forth in claim 17, further com- 
prising the step of (c) fabricating a second device 

40 below the device. 

20. The method as set forth in claim 19, wherein the 
step (c) is carried out concurrently with the steps (a) 
and (b). 

45 

21. The method as set forth in claim 19, wherein a by- 
pass capacitor (1 9) is fabricated as the device in the 
step (b), and at least one of a protection device (31 ) 
and an input/output device (12) is fabricated as the 

50 second device in the step (c). 
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